Introduction
The presence of coherent wave structure in the midlatitude mesospheric nightglow emissions is well established [Moreels and Herse, 1977; Armstrong, 1986; Taylor et al., 1987] . Detailed observations have shown that these patterns often exhibit properties associated with short period (10-20 min) gravity waves. During the ALOHA-90 campaign similar morphology wave forms were detected at low latitudes over an ocean site [Taylor and Hill, 1991] .
Many sources for these waves have been suggested. They include tropospheric disturbances such as jet streams, storms, weather fronts and the interaction of strong winds with large mountains (generating lee-type gravity waves). Several upper atmospheric sources have also been postulated; they include the auroral electrojet, strong particle precipitation and the in situ breakdown of largescale, long period atmospheric waves such as tides. It is often difficult to identify individual wave sources from the wealth of potential disturbances. For tropospheric sources this problem is further complicated by the effects of background winds in the intervening atmosphere, which can significantly modify the wave propagation. Images of structure in the nightglow emissions give unique 2-dimensional information on the horizontal wavelength and apparent phase velocity of the gravity wave perturbation. These data together with the location, shape, orientation Copyright 1991 by the American Geophysical Union.
Paper number 91GL01516 0094-8534/91/91GL-0151653.00 and time of occurrence of the display have proved valuable for finding possible wave sources [Taylor and Hapgood, 1988] . By imaging structure in the nightglow emissions from the Hawaiian islands the sources of short period gravity waves over a low latitude oceanic site can be investigated.
Observations and Results
Observations were made from the Department of Energy (DOE) building, Haleakala Crater, Maui (20.8øN, 156.2øW, 2970m). The high altitude and favourable weather during the campaign (18 March-4 April) provided excellent conditions for imaging structure in the nightglow emissions. The measurements reported here were made with a medium field (55 ø) CCD camera filtered to observe the near infra-red (NIR) OH nightglow emission (wavelength range 780-1000 nm). Further details of the instrumentation are given in the ALOHA-90 overview paper [Gardner, 1991] . Wave patterns were imaged on several occasions during the campaign [Taylor and Hill, 1991] The uniformity of the wave pattern is quite remarkable.
The display was clearest around 06:30-08:00 UT, but was still evident at 11:00 UT nearly 5 hours later.
A similarly shaped but fainter wave pattern was also detected to the southwest of the site. Figure 2 shows a composite ground map of the nightglow display imaged to the northeast at 07:10 UT (Figure 1 ) and an hour later to the southwest. The flight path of the aircraft during this night is also marked on the figure. Each image was calibrated using known stars as reference points [Hapgood and Taylor, 1982] The motion of the gravity wave through the atmosphere depends on its intrinsic period [Hines, 1960] which is usually indeterminate. However, as the apparent horizontal velocity of the wave will be independent of the background wind regardless of height [Hines, 1968] , measurements of •'x and v x of the nightglow wave patterns (and hence r) are very useful for studies of the wave sources. On the other hand, if the waves are generated by a disturbance that is moving with respect to the observer, the apparent period of the wave pattern will vary with fi at the height of the source.
Tropospheric Source
The extensive nature and linear form of both OH displays would suggest either a point-like source such as a thunderstorm [Taylor and Hapgood, 1988] but at a range of at least 1000 km from the observing site, or an extended "line type" source such as a weather front or a jet stream close to the observing site [Hines, 1968] . Without a measurement of the background wind in the intervening atmosphere it is difficult to estimate the range over which the wave energy can propagate. However, gravity waves generated nearby by strong winds blowing over local island peaks (such as Haleakala Crater) can be effectively ruled out on both occasions because of the large lateral extent of the displays and their close proximity and relative motion with respect to the Hawaiian islands (Figures 2,3) .
Surface weather charts for 24 and 25 March indicate an
extensive high pressure area to the northeast of Hawaii with a well developed low to the northwest both at a large range (>2000 km). An extended cold front, associated with these pressure centres, moved steadily towards the southeast, and came to a halt between 00:00 and 12:00 UT on 25 March at a distance of ~ 1400 km from the observing site. Both the orientation and location of the front agree well with the observed wave motion (Figure 2 ) but its range was relatively large.
In the absence of background winds wave energy from a tropospheric source of apparent period -5 min would reach the OH layer at a quite short ground range of < 100 km (assuming the vertical extent of the source region was no greater than the atmospheric scale height) [Hines, 1967] . It appears more likely that the waves reported here were generated in the upper atmosphere in the vicinity of the OH layer. Both patterns exhibited many of the properties characteristic of the sustained breakdown of a large scale upper atmospheric wave disturbance (possibly of tidal origin). Supporting evidence showing concurrent long period (1-2 hour) mesospheric wave disturbances was found on both occasions. Several other short period (<10 min) displays were also imaged during the ALOHA-90 campaign but it is not yet known if they were associated with long period upper atmosphere wave disturbances. Measurements of gravity waves at low latitudes are few and these data may offer new evidence for the in situ generation of short period waves in the upper atmosphere. However, the possibility that the waves were generated by other weather disturbances such as jet streams [see Hines, 1968] or distant thunderstorms [Taylor and Hapgood, 1988 ] has yet to be investigated.
